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RESEARCH  SUMMARY 

This  paper  describes  study  results  after  25  years  of 
crop-tree  thinning  in  a  western  larch  {Larix  occidentalis 
Nutt.)  pole  stand  in  western  Montana.  Five  V2-acre 
plots  were  established  in  the  Petty  Creek  drainage, 
Lolo  National  Forest,  at  an  elevation  of  4,200  feet 
above  sea  level.  Western  larch  site  Index  of  the  study 
area  was  52  feet  at  50  years.  The  stand  was  50  years 
old  when  the  study  began  in  1949.  Two  plots  were 
thinned  by  the  D+4  Rule,  two  by  the  Crown  Rule,  and 
one  was  left  unthinned  as  a  control.  After  25  years, 
periodic  diameter,  basal  area,  and  volume  growth  of 
crop  trees  on  thinned  plots  were  significantly  greater 
(P  =  0.05)  than  designated  crop  trees  in  the  unthinned 
plot,  but  differences  are  declining.  Although 
%  statistically  greater,  the  increase  in  crop-tree 

diameters— the  major  objective  of  the  thinning— was 
not  practically  important,  amounting  to  less  than  a  1 
percent  increase  over  crop  trees  in  the  unthinned  con- 
trol. Also,  the  crop-tree  thinnings  resulted  in  markedly 
lower  basal  areas  and  volumes  of  the  total  stand. 
From  the  results  of  this  study,  crop-tree  thinnings  by 
the  D+4  or  Crown  Rules  are  not  recommended  for 
overstocked  50-year-old  western  larch  stands,  unless 
other  resources  benefit  enough  to  offset  the  disap- 
pointing crop-tree  growth  response  of  the  thinned 
stand.  Instead,  low  thinning  is  recommended, 
preferably  when  the  stand  is  younger. 
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INTRODUCTION 

Nearly  1  million  acres  of  immature  western  larch 
(Larix  occidentalis  Nutt.)  stands  in  the  Northern  Rocky 
Mountains  are  overstocked;  neither  adequate  volume  nor 
quality  of  usable  wood  is  being  produced.  In  many  cases, 
this  overstocking  limits  other  forest  resources,  such  as 
wildlife  habitat  and  water  (Schmidt  and  others  1976). 
Thinning  can  reduce  some  of  these  negative  effects,  but 
the  question  is  just  how  to  thin  a  specific  stand.  A  lot 
depends  on  individual  tree  size  objectives  and  the  levels 
of  other  resource  values,  such  as  water  yields  and 
wildlife  browse  and  cover,  that  the  manager  desires.  But 
once  objectives  have  been  formulated,  the  manager  still 
needs  to  know  the  consequences  of  the  different 
methods,  levels,  and  intervals  of  thinning  in  immature 
larch  stands  of  various  sites,  ages,  and  densities. 

Some  information  on  thinning  effects  in  western  larch 
is  avEiilable  from  earlier  experiments.  Schmidt  and  otljiers 
(1976)  reported  on  growth  of  individual  trees  in  managed 
and  unmanaged  seedling-sapling  stands  (age  5-20  years). 
When  projected  to  rotation,  average  crop-tree  (trees 
selected  to  produce  the  crop  on  the  basis  of  spacing, 
health,  and  size)  diameters  and  hence  merchantable  crop- 
tree  volumes  of  thinned  stands  were  60  to  65  percent 
higher  than  the  same  number  of  comparable  trees  in 
moderately  overstocked  stands  left  unthinned.  But  they 
emphasized  that  thinning  only  concentrates  the  wood  on 
fewer  but  larger  stems;  total  cubic  volume  yields  are  not 
increased,  except  in  seriously  stagnated  stands.  They 
recommended  low  thinning  at  an  age  of  10  to  15  years 
with  trees  selected  to  provide  the  desired  spacing  and 
species  composition.  Seidel  (1977)  reported  10-year 
results  from  a  precommercial  low  thinning  in  a  33-year- 
old  western  larch  stand  in  eastern  Oregon.  This  stand, 
initially  stocked  with  an  average  of  1,265  trees  per  acre 
and  an  average  basal  area  of  134  ft^,  was  thinned  to 
basal  areas  of  about  25,  50,  70,  95,  and  110  ft2.  Trees  in 
the  lower  density  plots  grew  faster  in  diameter,  but  not 
in  height,  than  trees  in  the  high  density  plots.  Never- 
theless, increment  per  acre  of  both  basal  area  and  total 
cubic  volume  was  greater  at  each  higher  level  of  basal 
area  left  after  thinning.  Seidel  (1980)  also  found  similar 
relative  effects  after  10  years  in  a  test  of  four  levels  of 
low  thinning  versus  four  levels  of  thinning  from  above- 
in  a  55-year-old  western  larch  stand  in  which  thinning 


from  below  was  clearly  the  superior  method.  lUingworth 
(1964)  and  Thompson  (1969)  reported  5-  and  10-year 
results  of  crop-tree  thinnings  in  a  western  larch  pole 
stand  in  British  Columbia.  Removal  of  trees  within  8,  12, 
and  16  feet  of  crop  trees  was  compEired  to  crop  trees  left 
in  an  unthinned  situation.  Diameter  increments  of  crop 
trees  responded  proportionately  to  the  amount  of  extra 
growing  space  provided,  but  both  basal  area  and  volume 
growth  per  acre  decreased  with  thinning  intensity. 

These  studies  confirm  commonly  understood  principles 
of  growth  redistribution  in  thinned  stands.  But,  because 
they  vary  in  geographic  location,  thinning  methods,  and 
site,  age,  and  density  of  the  stands,  it  is  risky  to 
generalize  from  them  or  compare  the  data  quantitatively. 
For  example,  one  should  not,  with  the  above-noted  dif- 
ferences, use  periodic  growth  values  from  thinning 
studies  of  older  pole  stands  to  interpret  future  perfor- 
mance at  the  same  age  of'^tands  thinned  when  they 
were  much  younger.  Only  foUowup  investigation  of 
longer  term  stand  development  of  the  various  thinning 
studies  can  provide  the  data  needed  to  reliably  estimate 
future  growth  and  yield  effects.  This  paper  presents 
growth  results  after  25  years  of  an  earlier  reported 
study  (Roe  and  Schmidt  1965)  of  two  methods  of  crop- 
tree  thinning  commonly  used  in  western  Montana  at  the 
time  this  study  began. 

STUDY  DESCRIPTION 
Study  Area 

Five  '/2-acre  plots  were  established  in  the  West  Fork 
Petty  Creek  drainage,  Lolo  National  Forest,  Mont.  The 
study  site  is  about  4,200  feet  above  sea  level.  The  plots 
are  on  north  to  northeast  aspects,  and  range  in  slope 
from  25  to  55  percent.  Average  western  leu-ch  site  index 
of  the  site  is  52  feet  at  50  years,  according  to  the  most 
recent  site  curves  for  western  larch  (Schmidt  and  others 
1976).  In  1949,  the  stand  was  about  50  years  old  and 
was  composed  principally  of  western  larch,  with  a  minor 
component  of  lodgepole  pine  (Pinus  contorta  var. 
latifolia),  Douglas-fir  (Pseudotsuga  menziesii  var.  glauca), 
and  ponderosa  pine  (Pinus  ponderosa  var.  ponderosa). 
Habitat  types  in  the  study  area  are  Pseudotsuga 
menziesii/Linnaea  borealis  (PSME/LIBO)  and  Pseudot- 
suga menziesii/Vaccinium  globulare  (PSME/VAGL),  both 
of  low-to-moderate  site  quality  for  western  larch. 
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Study  Design 

On  each  plot,  between  160  and  200  crop  trees  per  acre 
were  chosen.  Preference  was  given  to  western  larch, 
ponderosa  pine,  Douglas-fir,  and  lodgepole  pine,  in  that 
order.  As  far  as  possible,  only  dominant  and  codominant 
trees  of  good  form  and  vigor  were  chosen.  Because  of 
marking  preference  and  the  predominance  of  western 
larch  in  the  stand,  the  resultant  crop  trees  were  mostly 
western  larch.  Thinning  treatments  were  completed  in 
October  1949,  as  foUows: 

1.  On  plots  1  and  2,  the  "D-f4"  rule  of  thumb  was  ap- 
plied to  individual  crop  trees.  All  trees  were  killed 
around  each  crop  tree  for  a  radius  in  feet  equal  to  the 
diameter  of  the  crop  tree  in  inches  plus  4. 

2.  On  plots  3  and  4,  all  trees  were  killed  for  a  radius 
of  3  to  6  feet  from  the  crown  edge  on  at  least  three  sides 
of  each  crop  tree. 

3.  Plot  5  was  left  unthinned.  but  similar  crop  trees 
were  marked  for  later  comparison. 

Competition  trees  in  thinned  plots  were  removed,  ac- 
cording to  the  above  thinning  rules,  in  October  1949  by 
cutting,  axe  girdling,  and  poisoning.  Trees  smaller  than 
5  inches  d.b.h.  were  cut  with  axes;  those  5  inches  and 
larger  were  girdled  on  plots  2  and  4,  and  poisoned  on 
plots  1  and  3.  Thus,  each  thinned  plot  had  two  treat- 
ment factors  as  follows: 

Plot  1  —  D+4  Rule,  poisoning  method 

Plot  2  -  D  +  4  Rule,  axe  method 

Plot  3  —  Crown  Rule,  poisoning  method 

Plot  4  —  Crown  Rule,  axe  method 
Because  there  was  no  replication  of  the  individual  thin- 
ning rule/ thinning  method  combinations,  the  differences 
among  thinned  plots  could  no'  ■  be  statistically  tested. 
However,  statistical  tests  were  made  of  growth  dif- 
ferences between  thinned  and  unthinned  plots,  as 
discussed  later. 

Measurements 

Before  thinning,  all  trees  greater  than  0.5  inches  d.b.h. 
were  tallied  by  1-inch  diameter  classes  on  all  plots.  After 
thinning  in  1949,  crop  trees  in  all  plots  were  recorded  by 
species,  measured  for  d.b.h.  to  the  nearest  0.1  inch  and 
for  height  to  the  nearest  foot.  Other  noncrop  trees  left  in 
the  plots  after  thinning  were  tallied  by  l-inch  diameter 
classes  so  that  total  basal  area  at  each  measurement 
period  could  be  calculated.  This  and  other  descriptive 


statistics  of  the  plots,  before  and  after  thinning  in  1949, 
are  shown  in  table  1.  Along  with  the  d.b.h.  and  height 
measurements,  the  crown  class  of  crop  trees  was  also 
determined  and  recorded  in  1949,  1954,  1959,  1964,  and 
1974.  Periodic  increments  of  crop  trees  were  calculated 
as  the  differences  between  values  of  measured  (d.b.h. 
and  height)  or  derived  (cross-sectional  area  and  volume) 
growth  expressions  from  one  measurement  to  the  next. 
Total  and  merchantable  cubic  volumes  of  crop  trees  were 
computed  with  Faurot's  (1977)  tree  volume  equations. 
Merchantable  cubic  volumes  were  computed  to  a  4-inch 
top  for  all  crop  trees  that  were  5.0  inches  d.b.h.  and 
larger.  The  total  volumes  per  acre  of  crop  trees  and  all 
trees  on  each  plot  were  estimated  with  Faurot's  (1977) 
stand  volume  equation  for  western  larch. 

Data  Analysis 

Treatment  factors  (thinning  rule  and  method  of  re- 
moval) were  confounded  by  lack  of  replication;  therefore, 
differences  between  thinning  rules  and  between  removal 
methods  could  not  be  statistically  tested.  Although  plot 
values  were  summarized  for  reference  purposes,  statis- 
tical analyses  were  keyed  to  growth  responses  of  in- 
dividual crop  trees.  Regression  methods  were  used  in 
these  analyses. 

Regression  screens  were  made  to  identify  variables 
and  combinations  of  variables  that  significantly  ex- 
plained variation  in  individual  crop-tree  growth  re- 
sponses. Growth  responses  used  as  dependent  variables 
in  the  regression  screens  were  periodic  increments  of:  (1) 
d.b.h.  (PDI);  (2)  cross-sectional  area  (CSI);  (3)  height 
(PHI);  (4)  total  cubic  volume  (PVI);  and  (5)  merchantable 
cubic  volume  (PMVI).  Growth  responses  were  analyzed 
for  the  25-year  period,  1949-74,  and  for  the  last  10  years 
of  measured  growth,  1964-74.  Independent  variables 
considered  in  the  analyses  were  d.b.h.,  cross-sectional 
area,  height,  crown  class,  tree  volume  at  the  beginning 
of  the  growth  period,  and  treatment.  Treatment  (thinned 
or  unthinned)  was  handled  as  a  dummy  variable  in  the 
analysis,  as  was  the  crown  class  of  the  tree. 

The  regression  screens  indicated  that  the  cross- 
sectional  area  in  square  inches  of  the  subject  tree  in 
1964  (CSA64)  was  highly  related  to  aU  subsequent 
growth  responses  except  height  increment.  It  explained 
50  to  60  percent  of  the  variation  in  d.b.h.  increment 
(PDI),  60  to  90  percent  of  the  variation  in  volume  incre- 
ment (PVI  and  PMVI),  and  35  to  80  percent  of  the 


Table  1.— Plot  values  before  and  after  thinning  in  1949  (before-thinning  values  are  in  parentheses) 


Total  stand  Crop  trees  only 


Trees 

Basal 

No.  trees 

Mean 

Basal  area 

per 

Mean 

Mean 

area 

Volume 

Plot 

Treatment 

per  acre 

d.b.h. 

per  acre 

acre 

d.b.h. 

height 

per  acre 

per  acre 

 Inches  

 Ft2- 

Inches 

Feet 

Ft2 

Ft3 

1 

D  +  4,  poison 

(1,586)  — 

(3.4)  - 

(103) 

43 

198 

5.3 

44 

34 

610 

2 

D  +  4,  axe 

(1.386)  — 

(3.8)  - 

(111) 

54 

188 

5.6 

50 

33 

664 

3 

Crown,  poison 

(1.410)  — 

(3.9)  - 

(118) 

71 

168 

5.8 

48 

32 

656 

4 

Crown,  axe 

(1,886)  — 

(3.2)  - 

(106) 

65 

174 

5.7 

47 

34 

665 

5 

Unthinned 

(1,668)  1,668 

(3.9)  3.9 

(135) 

135 

164 

6.0 

52 

36 

753 

2 


variation  in  cross-sectional  area  increment  (CSI)  from 
plot  to  plot  for  the  10-year  period  (1964-74).  No  other  in- 
dependent variable  added  appreciably  to  the  variation 
explained.  Because  periodic  height  increment  was  poorly 
explained,  it  was  dropped  as  a  response  variable  in  the 
analysis. 

Percentages  of  variation  explained  for  the  25-year 
period  (1949-74)  were  similar  to  the  10-year  period 
(1949-59)  for  regressions  of  growth  on  cross-sectionsil 
area  in  1949  (CSA49).  One  exception  was  periodic 
diameter  increment  (PDI),  where  only  19  percent  of  the 
variation  was  explained  by  the  linear  model.  This  was 
expected.  Earlier  studies  (Cole  and  Stage  1972)  have 
shown  that  linear  models  are  relatively  ineffective  for 
describing  periodic  diameter  growth  of  individual  trees 
for  intervals  longer  than  about  10  years;  therefore,  only 
10-year  PDI  (1964-74)  was  further  evaluated.  Since 
many  of  the  crop  trees  in  the  first  15  years  of  the  study 
were  below  the  d.b.h.  threshold  (5  inches)  for  computing 
merchantable  volume,  PMVI  was  also  evaluated  only  for 
the  last  10  years  of  the  study. 

Because  initial  tree  size  was  not  independent  of  the 
thinning  rules  used  in  this  study,  covariance  analysis  of 
regression  models  was  used  to  separate  treatment  effects 
from  interaction  effects  of  the  treatments  and 
covariate— so  that  increment  differences  in  d.b.h.,  cross- 
sectional  area,  and  volume  could  be  tested  for  statistical 
significance.  Numerical  crop-tree  mortality  was  examined 
by  5-year  periods  over  the  years  1949-74  and  tested  for 
difference  between  thinning  and  no  thinning  by  a  t-test 
of  mean  difference. 


RESULTS  AND  DISCUSSION 
Mean  Plot  Values 

Plot  values  of  d.b.h.,  height,  basal  area,  and  stem    ■  ' 
volume  do  not  clearly  show  relative  crop-tree  growth  re- 
sponses to  the  treatments  (table  2).  Possible  reasons  for 
this  are:  (1)  lack  of  replication  in  the  study  design,  (2) 
differences  in  stand  density  before  thinning  and  related 
differences  in  the  initial  number  and  mean  diameter  of 
crop  trees,  (3)  mortality  differences,  and  (4)  differences  in 
basal  area  of  other  trees  left  on  the  plots  after  thinning. 
Despite  these  limitations,  the  plot  values  of  table  2  pro- 
vide some  reference  value  in  evaluating  crop-tree  re- 
sponse, and  are  useful  for  evaluating  the  total  stand  re- 
sponse to  the  D  +  4  and  Crown  thinning  rules,  as  dis- 
cussed later. 

Crop-Tree  Response 

MORTALITY 

Mortality  of  crop  trees  from  1949-74  averaged  9  per- 
cent in  the  thinned  plots  and  4  percent  in  the  unthinned 
plot.  To  statistically  test  these  differences,  the  trees-per- 
acre  data  of  table  2  were  apportioned  to  5-year  mortality 
counts  and  weighted  to  represent  equal  plot  area  on 
which  mortality  occurred,  as  follows: 


Period  Thinned  Unthinned 

—  Trees  per  acre  ■ 

1949-54  3.25  0 

1954-59  ■    3.25  0 

1959-64  ■  2.50  4.0 

1964-69  3.75  1.0 

1969-74  3.75  1.0 


Table  2.— Plot  values  of  treatments  In  1949,  1959,  1964,  and  1974 


All  trees  Crop  trees  only 


Basal 

Basal 

Total 

Merch.*^ 

area 

Total  stand 

area 

Trees 

Mean 

Mean 

vol.  per 

vol.  per 

Plot  Treatment 

Year 

per  acre 

vol./acrei 

per  acre 

per  acre 

d.b.h. 

height 

acre^ 

acre2 

Ff2 

Ft3 

Ft2 

Inches 

Feet 

 Ft3  

1949 

43 

681 

34 

198 

5.3 

44 

610 

455 

1    D  +  4,  poison 

1959 

58 

1,148 

47 

188 

6.8 

55 

1,077 

866 

1964 

72 

1,607 

54 

182 

7.3 

62 

1,551 

1,150 

1974 

88 

2,122 

64 

172 

8.1 

67 

1,959 

1,560 

1949 

54 

792 

33 

188 

5.6 

50 

664 

447 

2        D  +  4,  axe 

1959 

66 

1,425 

43 

176 

6.7 

60 

963 

848 

1964 

77 

1,832 

49 

176 

7.2 

65 

1,431 

1,078 

1974 

89 

2,274 

58 

168 

7.9 

71 

1,822 

1,480 

1949 

71 

1,227 

32 

168 

5.8 

48 

656 

464 

3     Crow/n,  poison 

1959 

88 

1,869 

42 

166 

6.8 

59 

945 

817 

1964 

94 

2,200 

47 

164 

7.3 

65 

1,375 

1,042 

1974 

108 

2,722 

56 

156 

8.0 

70 

1,740 

1,414 

1949 

65 

1,100 

34 

174 

5.7 

47 

665 

412 

4       Crown,  axe 

1959 

83 

1,673 

46 

172 

7.0 

56 

1,026 

867 

1964 

98 

2,152 

54 

170 

7.5 

61 

1,442 

1,130 

1974 

111 

2,717 

65 

166 

8.3 

68 

1,909 

1,604 

1949 

135 

2,527 

36 

164 

6.0 

52 

753 

505 

5  Unthinned 

1959 

147 

3,281 

45 

164 

7.1 

62 

1,069 

900 

1964 

156 

3,763 

49 

160 

7.4 

67 

1,458 

1,118 

1974 

162 

4,257 

57 

158 

8.0 

73 

1,802 

1,468 

^Estimated  from  western  larch  stand  volume  equation  (Faurot  1977). 

^Volume  to  4-inch  top,  In  cubic  feet,  calculated  from  tree-volume  equation  (Faurot  1977). 
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A  t-test  of  mean  difference  of  these  5-year  mortality 
counts  revealed  that  the  average  crop-tree  mortality  in 
the  thinned  plots  was  significantly  greater  (0.05  level) 
than  in  the  unthinned  plot.  Increased  exposure  to  wind 
and  snow  damage  likely  contributed  to  the  higher  mor- 
tality of  thinned  plots.  Plot  records  showed  that  snow- 
bent  and  wind-damaged  trees  were  more  common  in  the 
thinned  plots  than  in  the  control  in  the  first  10  years 
after  thinning,  and  many  of  the  snow-bent  trees  died. 
Although  the  extent  of  crop-tree  mortality  probably  had 
miritmal  effect  on  the  growth  of  surviving  trees,  plot 
volumes  could  have  been  affected. 

GROWTH 

Diameter  Increment  of  Crop  Trees 

Differences  in  periodic  crop-tree  diameter  growth  (PDI) 
between  thinned  and  imthinned  plots  could  only  be 
tested  with  linear  models  for  a  10-year  growth  period. 
The  best  linear  model:  PDI  =  f  (D,  CSA64,  and 
D  X  CSA64)  explained  only  3  5  percent  of  the  variation 
in  PDI  for  the  period  1964-74,  thus  is  not  intended  for 
prediction.  Nevertheless,  the  model  was  sufficient  for 
testing  significance  of  the  explanatory  variables, 
particularly  the  contribution  of  D,  the  dummy  variable, 
which  distinguished  between  thinned  and  unthinned 
plots. 

Periodic  diameter  increments  (PDI)  of  crop  trees  in 
thinned  plots  were  significantly  greater  (0.05  level)  than 
those  in  the  unthinned  plot,  according  to  covariance 
analysis  of  the  regression  model  of  figure  1.  However, 
the  0.17-inch  greater  average  PDI  in  thinned  plots  in  the 
last  10  years  of  measurement  was  only  about  half  as 
great  as  in  the  first  10  years  of  the  study  (Roe  and 
Schmidt  1965).  Over  the  entire  25-year  period,  the 
diameter  increase  of  thinned  crop  trees  was  less  than  1 
percent  greater  than  crop  trees  in  the  unthinned  plot.  As 
is  common  with  most  thinnings,  the  declining  diameter 

2- Op     PDI  =  0.2276  +  0.1754  D  +  0.008  CSA  64 
R^=  0.35 


growth  after  the  first  10  years  indicates  that  the  plots 
needed  rethinning  to  maintain  diameter  growth  rates  of 
crop  trees. 

The  level  and  trend  of  the  diameter-growth  response  of 
crop  trees  was  also  considered  by  comparing  the  mean 
d.b.h.  values  of  table  2  with  curves  of  potential  d.b.h. 
and  diameter  growth  of  western  larch  developed  by 
Schmidt  and  others  (1976).  For  the  appropriate  site 
index  and  stand  age  of  this  study,  the  potential  d.b.h. 
curves  indicated  that  the  present  crop-tree  d.b.h.  of 
thinned  plots  was  only  84  percent  of  its  potential,  while 
the  unthinned  plot  was  at  82  percent.  The  potential 
diameter  growth  curve  indicated  that  the  most  recent 
10-year  diameter  growth  of  crop  trees  in  thinned  plots 
was  70  percent  of  potential,  compared  to  55  percent  for 
the  unthinned  plot.  Thus,  the  crop-tree  thinnings  have 
clearly  slowed  the  decHne  in  diameter  growth  shown  by 
the  unthinned  stand.  But  attained  d.b.h.  and  recent 
diameter  growth  of  the  thinned  plots  still  is  only  84  and 
70  percent  of  potential,  respectively— indicating  that 
other  methods  and  schedules  of  thinning  might  have 
been  more  effective  in  this  pole  stand.  Also,  considerably 
earlier  thinning  would  probably  have  better  helped  crop 
trees  to  attain  their  potential  diameter  growth. 

Cross-Sectional  Area  Increment  of  Crop  Trees 

Cross-sectional  area  increment  (CSI)  of  crop  trees  was 
significantly  greater  (0.05  level)  in  thinned  plots  than  un- 
thinned for  both  the  overall  25-year  growth  period  and 
the  last  10-year  period  (figs.  2  and  3).  But  the  difference 
is  narrowing  because  CSI  is  declining  faster  in  thinned 
plots.  This  was  determined  by  comparing  growth  trends. 
The  average  periodic  cross-sectional  area  increment  of 
thinned  and  unthinned  plots  of  figures  2  and  3  were 
calculated  as  average  annual  increments  for  both  growth 
periods.  The  average  annual  increment  of  the  most  re- 
cent 10-year  period  was  expressed  as  a  ratio  of  the 
overall  25-year  growth  period.  On  this  basis,  the  average 
annual  rate  of  CSI  of  thinned  crop  trees  in  the  last  10 
years  was  only  82  percent  of  their  overall  25-year  annual 
CSI  rate,  compared  to  93  percent  for  crop  trees  of  the 
unthinned  plot. 
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Figure  1.—  Ten  Year  periodic  diameter  incre- 
ment (PDI)  of  individual  crop  trees  in  thinned 
and  unthinned  plots  in  relation  to 
CSA64—cross-sectionai  area  at  breast  height 
in  1964. 
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CS I  =  4.  202  +  4.  308  D  +  0.  4504  CS A  49  +  0. 1408  (D)  (CSA  49) 
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Figure  2.  — Twenty-five-year  periodic  cross  sectionai  increment  (CSI)  of  crop 
trees  in  ttiinned  and  untfiinned  plots  in  relation  to  CSA49— cross-sectional 
area  at  breast  fieight  in  1949. 
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CS  I  -  -  0.  2227  +  0.  328  D  +  0. 1787  CSA  64  +  0.  0399  (D)  (CSA  64) 
R^=  0.66 
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Figure  3.— Ten-year  periodic  cross  sectional 
increment  (CSI)  of  individual  crop  trees  in 
thinned  and  unthinned  plots  in  relation  to 
CSA64— cross-sectional  area  at  breast  height 
in  1964. 
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Volume  Increment  of  Crop  Trees 

Merchantable  and  total  cubic  volume  increments  of  in- 
dividual crop  trees  were  significantly  greater  (0.05  level) 
in  thinned  than  in  unthinned  plots.  This  was  determined 
with  regressions  fitted  to:  (a)  merchantable  cubic  volume 
growth  for  the  10-year  period,  1964-74  (fig.  4);  (b)  total 
cubic  volume  growth  for  the  25-year  period,  1949-74  (fig. 
5);  and  (c)  total  cubic  volume  growth  for  the  10-year 
period,  1964-74  (fig.  6).  Although  statistically  signifi- 
cant, these  greater  crop-tree  volume  increments  in 
thinned  plots  were  not  greatly  different  in  absolute  units 
of  measurement  (figs.  5  and  6).  To  get  an  idea  of  the 
trend  of  crop-tree  volume  growth  in  thinned  plots  versus 

r   PMVI  =  0. 13013-  0.1523  D  +  0.0518CSA  64  +  0.0097  (D)  (CSA  64) 
R^=  0.  82 


Figure  4.  — Ten-year  periodic  merchantable 
volume  increment  (PMVI)  to  a  4-inch  top  of 
crop  trees  in  thinned  and  unthinned  plots  in 
relation  to  CSA64 —  cross-sectional  area  at 
breast  height  in  1964. 


the  unthinned  plot,  the  regressions  of  figures  5  and  6 
were  solved  for  a  typical  tree  of  8  inches  d.b.h.  (50  in2) 
and  converted  to  an  annual  growth  basis.  The  absolute 
difference  in  thinned  and  unthinned  conditions  was  0.11 
ft3/yr  for  the  overall  25-year  growth  period,  but  only 
0.04  ft3/yr  for  the  last  10-year  growth  period.  Although 
these  differences  indicate  a  declining  volume-growth 
trend  of  crop  trees,  they  should  not  be  transposed  to 
volume  per  acre  differences.  To  assess  volume  per  acre 
response  of  the  thinning  rules,  direct  comparisons  of 
merchantable  and  total  cubic  volumes  per  acre  of  the 
thinned  and  unthinned  plots  are  more  appropriate. 

Merchantable  cubic  volumes  to  a  4-inch  top  and  total 
cubic  volumes  of  crop  trees  are  summarized  on  a  per- 
acre  basis  in  table  2.  At  last  measurement,  standing 
merchantable  and  total  volumes  per  acre  of  crop  trees 
were  greater  in  three  of  the  four  thinned  plots  than  in 
the  unthinned  plot.  And  growth  in  all  the  thinned  plots 
in  the  last  10  years  exceeded  the  unthinned  plot  by  an 
average  of  64  ft^/acre  for  both  merchantable  and  total 
volumes.  But  differences  in  standing  volume  and  recent 
volume  increment  of  crop  trees,  attributable  to  thinning, 
might  be  more  apparent  than  real— particularly  in  regard 
to  merchantable  volume.  This  is  suggested  by  table  3 
which  summarizes  differences  in  number,  size,  mortality, 
ingrowth,  merchantable  volume  growth,  and  standing 
merchantable  volume  of  crop  trees  of  thinned  versus  un- 
thinned plots. 

Crop-tree  mortality  and  ingrowth  was  higher  in 
thinned  plots  in  the  last  10  years  (table  3).  But,  when 
the  effects  of  dissimilar  stocking  and  ingrowth  differ- 
ences are  removed,  the  apparent  thinned  plot  growth 
advantage  of  64  ft3/acre  is  reduced  to  a  relatively 
insignificant  20  ft^/acre.  Because  of  these  problems  in 
using  absolute  units  of  comparison,  recent  volume- 
growth  trends  are  considered  to  be  less  ambiguous  for 
assessing  thinning  response. 


PVI  =  0.429  -  0. 109  D  +  0. 154  CSA  49  +  0.056  (D)  (CSA  49) 
R^=  0.71 
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Figure  5.— Twenty-five-year  periodic  volume  increment  (PVI)  of  crop  trees  in 
thinned  and  unthinned  plots  in  relation  to  CSA49— cross-sectional  area  at 
breast  height  in  1949. 
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Figure  6.  — Ten-year  periodic  volume  incre- 
ment (PVI)  of  crop  trees  in  thinned  and  un-  '     . , 
thinned  plots  in  relation  to  CSA64— cross-  ■ 
sectional  area  at  breast  height  in  1964. 

Table  3.— Complicating  factors  in  comparing  merchantable  volume  growth  per  acre  and  standing  volume  per  acre  of  crop 
trees  in  thinned  and  unthinned  plots 

Average  Submerchantable  Merchantable  volume 


d.b.h.     Stocking  stocking  Ingrowth^  Mortality  Stocking  Growth^  Standing 

Treatment  1949         1949         1949         1974        1949-74      1964-74     1949-74       1974       1964-74  1974 

Inches   Trees  per  acre  Ft^/acre  

Thinned  5.6  182  72  7  50  10  16  166,         414  1,515 

Unthinned  6.0  164  66  11  48  0  6  158  350  1,468 

''Number  of  trees  per  acre  in  the  period  attaining  the  5  inches  d.b.h.  minimum  used  for  computation  of  merchantable  cubic  volume  to  a 
4-inch  top. 

^Merchantable  cubic  volume  to  a  4-inch  top  was  calculated  for  all  crop  trees  5  inches  d.b.h.  and  larger,  and  expressed  on  a  per-acre  basis. 


Trends  of  periodic  merchantable  and  total  cubic 
volume  increment  were  compared  for  thinned  versus  un- 
thinned plots.  These  were  determined  from  table  2  by  ex- 
pressing the  average  annual  growth  of  the  last  10  years 
as  a  ratio  of  the  average  annual  growth  for  the  overall 
25-year  period.  The  ratio  for  merchantable  volume 
growth  was  0.97  in  thinned  plots  and  0.91  in  the  un- 
thinned control;  but,  when  the  merchantable  volume 
ingrowth  effect  was  removed,  the  ratio  for  thinned  plots 
was  also  0.91.  Therefore,  the  trend  of  annual  merchant- 
able volume  growth  was  the  same  in  both  the  thinned 
and  unthinned  plots  in  the  last  10  years  of  the  study, 
both  declining  to  about  91  percent  of  their  overall 
25-year  averages.  Like  merchantable  volume  increment, 
the  trend  of  total  cubic  volume  increment  of  crop  trees 
declined  in  the  last  10  years  in  both  thinned  and  un- 
thinned plots.  The  trend  ratio  was  0.73  for  thinned  plots 
and  0.84  for  the  unthinned  plot.  The  lower  ratio  of  the 
thinned  plots  indicates  that  recent  crop-tree  growth  in 
total  cubic  volume  per  acre  is  declining  faster,  relative  to 
its  earlier  rate,  in  thinned  plots  than  in  the  unthinned 
plot. 

The  observation  that  growth  in  total  cubic  volume  per 
acre  for  crop  trees  is  declining  faster  than  merchantable 


volume  per  acre  and  that  both  measures  of  growth  are 
declining  from  earlier  levels  is  consistent  with  general 
thinning  experience.  Thinning  can  redistribute  volume 
growth  per  acre  among  different  numbers  of  crop  trees 
but  cannot  increase  it  unless  growth  is  measured  in  mer- 
chantable volume  instead  of  total  cubic  volume.  There- 
fore, although  the  greater  volume  growth  of  thinned 
crop  trees  in  this  study  was  statistically  significant,  the 
apparent  per-acre  growth  advantage  is  not  practically 
significant.  This  is  so  because,  when  equal  numbers  of 
trees,  growth  trends,  and  ingrowth  are  considered,  dif- 
ferences in  both  merchantable  and  total  cubic  volume 
per  acre  of  thinned  versus  unthinned  plots  were  not 
large  enough  to  be  of  much  practical  importance. 

Total  Stand  Response 

After  25  years  of  total  stand  development,  the  D+4 
and  Crown  thinning  plots  continue  to  trail  the  unthinned 
control  in  net  total  basal  area  per  acre,  in  net  total 
volume  per  acre,  and  in  net  25-year  periodic  volume  in- 
crement, as  shown  in  table  4.  Nearly  all  noncrop  trees 
were  submerchantable,  so  net  merchantable  volumes  per 
acre  of  all  trees  in  the  plots  were  not  relevant. 
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Table  4.— Average  net  stand  values  25  years  after  crop-tree  thinning  by  the 
D-i-4  and  Crown  Rules,  compared  to  an  unthinned  control 


1  Icdllllclll 

Average  basal 
area  per  acre 

Average  volume 
per  acre 

25-year  net  volume 
increment  per  acre 

Pet.  of 

Pet.  of 

Pet.  of 

Ft2 

control 

Ft3 

control 

Ft3 

control 

D  +  4 

89 

55 

2,198 

52 

1,462 

84 

Crown 

110 

68 

2,719 

64 

1,556 

90 

Unthinned 

control 

162 

100 

4,257 

100 

1,730 

100 

Table  5.— Nornnal  yield  volume  table  for  western  larch  in  total  cubic  feet  per  acre 
of  all  trees  0.6  inch  d.b.h.  and  larger''  2  3 


Site  index 

Age  30  40  50  60  70  80 


Total  cubic  feet  per  acre 


20 

165 

246 

336 

434 

538 

648 

30 

548 

819 

1,118 

1,443 

1,790 

2,157 

.40 

999 

1,494 

2,040 

2,632 

3,265 

3,934 

50 

1,433 

2,142 

2,926 

3,775 

4,682 

5,643 

60 

1,823 

2,724 

3,721 

4,801 

5,955 

7,176 

70 

2,164 

3,235 

4,419 

5,701 

7,071 

8,521 

80 

2,462 

3,680 

5,026 

6,484 

8,043 

9,692 

90 

2,721 

4,067 

5,555 

7,167 

8,890 

10,714 

100 

2,948 

4,407 

6,019 

7,765 

9,632 

11,608 

110 

3,148 

4,705 

6,427 

8,292 

10,285 

12,394 

120 

3,325 

4,970 

6,788 

8,757 

10,862 

13,090 

130 

3,482 

5,205 

7,109 

9,172 

11,376 

13,710 

140 

3,623 

5,415 

7,397 

9,543 

11,836 

14,264 

''Standard  error  of  estimate  =  486  ft^. 

^Values  within  the  block  lines  fall  within  the  range  of  basic  data. 
^From  Schmidt  and  others  1976. 


Another  way  of  looking  at  the  total  stand  growth  con- 
sequences of  the  age,  site,  and  thinning  rule  interaction 
of  this  study  is  to  compare  the  periodic  annual  incre- 
ment (PAI)  of  treatment  volumes  to  the  normal  yield 
table  net  volumes  of  Schmidt  and  others  (1976).  Their 
table  (table  5)  indicates  that  mean  annual  increments 
(MAI's),  for  site  indices  of  50  feet  and  60  feet  at  50 
years,  culminate  at  stand  ages  between  70  and  80  years. 
At  the  age  (75  years)  and  site  index  (52)  corresponding 
to  this  study,  their  table  indicates  total  stand  volumes 
at  culmination  of  about  5,000  ft^/acre— equivalent  to  an 
MAI  of  67  ft^/acre  per  year.  Allowing  for  stand-to-stand 
variation,  it  appears  that  the  unthiimed  plot  culminated 
within  a  couple  of  years  of  age  75  years.  This  is  in- 
dicated by  the  near-correspondence  of  the  control  plot 
PAI  at  age  75  years  (69  ft^/acre  per  year)  with  the  nor- 
mal yield  table  MAI  at  culmination.  The  much  lower 
PAI's  of  total  volume  for  the  D+4  and  Crown  Rule  thin- 
nings (58  and  62  ft^/acre  per  year,  respectively)  indicate 
that  culmination  of  these  plots  •will  be  delayed  until  age 
110-120. 


SUMMARY  AND  CONCLUSIONS 

As  in  all  thinning  studies,  we  must  distinguish  be- 
tween mean  growth  response  of  individual  crop  trees  and 
growth  per  acre.  The  distinction  is  particularly  impor- 
tant here  because  the  thinning  rules  used  in  this  study 
resulted  in  varying  amounts  of  noncrop  tree  competition 
left  on  the  plots  after  the  crop-tree  thinnings.  After  25 
years,  this  amounted  to  basal  areas  of  about  28,  49.  and 
105  ft2/acre,  and  volumes  of  about  300,  900,  and  2,450 
ft3/acre  for  the  D-f  4,  Crown,  and  unthinned  plots, 
respectively  (table  2).  Thus,  the  statistically  greater 
response  of  diameter,  cross-sectional  area,  and  volume  in- 
crements of  crop  trees  in  thinned  versus  unthinned  plots 
(figs.  1-6)  must  be  tempered  with  three  qualifications: 

1.  Per-acre  growth  rates  are  declining  in  all  plots, 
and— except  for  merchantable  volume  growth— decUning 
faster  in  thinned  plots.  • 

2.  At  last  measurement,  thinned  and  unthinned  plots 
were  virtually  the  same  in  total  and  merchantable  crop- 
tree  volumes  per  acre  when  inequalities  in  crop-tree 
numbers  and  initial  size  are  considered. 
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3.  Basal  area  and  total  cubic  volume  of  the  total  stand 
were  still  much  lower  in  the  thinned  plots  after  25 
years— traihng  the  unthinned  plot  by  32  to  48  percent 
(table  4). 

Because  there  is  little  practical  difference  in  the  size 
and  per-acre  volume  of  crop  trees  on  thinned  versus  un- 
thinned plots  after  25  years,  the  D  +  4  and  Crown  Rules 
have  not  achieved  the  objective  of  appreciable  growth 
redistribution  onto  the  selected  crop  trees.  Thus,  unless 
significant  increases  in  forage  and  water  yields  have 
resulted  (these  were  not  measured  but  could  occur  in 
thinned  western  larch  stands),  crop-tree  thinnings  of 
western  larch  stands  beyond  50  years  of  age  do  not  ap- 
pear to  be  justified.  Timber  growth  objectives  for  such 
even-aged  western  larch  stands  beyond  50  years  of  age 
are  probably  better  served  by  uniform,  low  thinnings  to 
stocking  levels  commensurate  with  the  size  and  rotation 
objectives  of  the  manager.  Seidel  (1977,  1980,  1982) 
documented  the  relationship  of  western  larch  growing 
stock  levels  to  periodic  individual  tree  growth  and 
volume-per-acre  growth  for  low  thinning  of  both  younger 
and  comparable-aged  stands  on  significantly  better  sites 
(Sl5o=80)  than  involved  in  this  study.  It  appears  that 
the  general  nature  of  those  relationships  and  their 
management  implications  would  apply  to  low  thinning  of 
50-  to  75-year-old  stands  of  lower  site  quality  (Sl5Q=52), 
as  involved  here.  A  major  difference  in  contemplating 
thinnings  in  overstocked  western  larch  stands  older  than 
50  years  versus  stands  of  about  30  to  35  years  of  age  is 
the  higher  probability  of  some  merchantable  product 
recovery  from  the  older  stands.  But  this  should  not  be 
misconstrued  as  a  recommendation  to  delay  thinnings  in 
overstocked  western  larch  stands  until  merchantable 
thinnings  are  possible.  The  attainment  of  adequate 
growth  rates  to  meet  the  size  and  merchantable  volume 
objectives  of  management  is  normally  an  overriding 
criterion  for  determining  timing  and  method  of  thinning. 

To  assure  acceptable  growth  from  overstocked  western 
larch  stands,  growing  stock  levels— appropriate  to  the 
size,  volume,  and  rotation  objectives  of  management 
(Schmidt  and  others  1976)— should  normally  be  obtained 
by  thinning  at  an  earlier  age  than  was  done  in  this 
study.  Ideally,  such  thinnings  should  be  done  in 
overstocked  western  larch  stands  when  they  are  between 
10  and  15  years  old  (Schmidt  1966).  Such  thinnings  are 
obviously  precommercial  thinnings,  but  are  a  manage- 
ment investment  to  greatly  increase  the  amount  of 
usable  wood  volume  at  future  harvest.  If  overstocked 
western  larch  stands  are  older  than  50  years,  and  are 
not  so  seriously  overstocked  that  merchantable  products 
are  precluded  within  a  reasonable  rotation  period,  it 
would  probably  be  as  well  to  leave  them  unthinned, 
unless  increased  forage  and  water  yields  justify  the 
thinning. 

In  summary,  the  D+4  and  Crown  Rules  of  crop-tree 
thinning  used  in  this  study  did  not  reduce  competition 
enough  to  effectually  increase  growth  rates  of  crop  trees 
when  compared  to  similar  trees  in  the  unthinned  stand. 


But  the  crop-tree  thinnings  did  result  in  markedly  lower 
total  cubic  stand  volumes.  Other  main  detriments  to 
using  the  D  +  4  and  Crown  Rules  to  thin  western  larch 
pole  stands  similar  to  those  studied  here  appear  to  be 
the  presence  of  significant  amounts  of  other  than  crop 
trees  left  after  thinning,  and  higher  crop-tree  mortality 
rates  for  the  thinned  plots.  On  the  basis  of  the  25-year 
results  of  this  study,  the  D+4  or  Crown  Rules  are  not 
recommended  for  thinning  overstocked  50-year  or  older 
western  larch  stands.  Low  thinnings,  preferably  at  a 
younger  age,  are  recommended  for  overstocked  western 
larch  stands. 
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A  50-year-old  western  larch  stand,  thinned  in  1949  with  the  D+4  and  Crown 
Rules  of  crop-tree  thinning,  showed  less  than  1  percent  more  diameter  growth 
after  25  years  than  comparable  trees  in  the  unthinned  control.  Also,  total 
volume  of  the  unthinned  plot  was  still  56  percent  greater  than  that  of  any  of  the 
thinned  plots.  Earlier  low  thinning  is  recommended  for  this  type  stand. 


KEYWORDS:  thinning,  thinning  rules,  crop-tree  response,  western  larch,  Larix 
occidentalis 


The  Intermountain  Station,  headquartered  fin  Ogden,  Utah,  is  one  . 
of  eight  regional  experiment  stations  charged  with  providing  seien- 
tific  knowledge  to  help  resource  managers  meet  human  need3  and  ^ 
protect  forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  About  231  million 
acres,  or  85  percent,  of  the  land  area  in  the  Station  territory  are 
classified  as  forest  and  rangeland.  These  lands  include  grass- 
lands, deserts,  shrublands,  alpine  areas,  and  well-stocked  forests. 
They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  con- 
sumf?tion.  They  also  provide  recreation  opportunities  for  millions 
of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  main- 
tained in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University 
of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of 
Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young  Univer- 
sity) 

Reno,  Nevada  (in  cooperation  with  the  University  of 
Nevada) 
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